This study examined the impact of irrelevant dimensional variation on rule-based category learning in patients with Parkinson's disease (PD), older controls (OC), and younger controls (YC). Participants were presented with 4-dimensional, binary-valued stimuli and were asked to categorize each into 1 of 2 categories. Category membership was based on the value of a single dimension. Four experimental conditions were administered in which there were zero, 1, 2, or 3 randomly varying irrelevant dimensions. Results indicated that patients with PD were impacted to a greater extent than both the OC and YC participants when the number of randomly varying irrelevant dimensions increased. These results suggest that the degree of working memory and selective attention requirements of a categorization task will impact whether PD patients are impaired in rule-based category learning, and help to clarify recent discrepancies in the literature. (JINS, 2005, 11, 503-513.) 
INTRODUCTION
The ability to acquire new categories is a fundamental aspect of human cognition that has great implications for adapting to new environments. Recent research attempts to better understand the cognitive systems that are involved in learning to categorize, and one important theme that has emerged is the possibility of multiple category learning systems (Ashby & Maddox, 2005; Maddox & Ashby, 2004) . One proposed category learning system that has received much attention is the hypothesis testing system, which is thought to be involved in the acquisition of highly salient and verbalizable rules that are often based on a single stimulus feature (e.g., blue items are in Category A and red items are in Category B; Ashby et al., 1998; Bruner et al., 1956; Garner, 1978; Smith et al., 1998) . Category learning tasks with these structures are often referred to as rule-based tasks because a simple, verbalizable rule can be used to describe category membership.
Previous studies using rule-based tasks with nonneurological (or control) populations provide strong support for the existence of a hypothesis testing system and insights into the properties of this form of category learning (Ashby et al., 2002 (Ashby et al., , 2003a Maddox et al., 2003 Maddox et al., , 2004a Maddox et al., , 2004b Waldron & Ashby, 2001 ; for a review see Maddox & Ashby, 2004) . For example, when controls are asked to perform a secondary, memory scanning task, performance on rule-based category learning tasks suffers (Maddox et al., 2004a) . In addition, increasing the number of categories (and thus the number of decision rules to be learned) can also negatively impact the learning of rule-based category structures in controls (Maddox et al., 2004b) . These studies suggest that working memory resources and0or selective attention processes are necessary for the learning of rulebased categories (see also Ashby et al., 1998; Waldron & Ashby, 2001) .
From a neuroanatomical standpoint, there has also been recent evidence from functional imaging studies with con-trols that have attempted to identify the neurobiological substrates of the hypothesis testing system. For example, in a recent study, Filoteo et al. (in press ) identified a network of brain regions including the dorsolateral frontal cortex, the parietal lobe, and the head of the caudate that was activated during the learning of rule-based categories. Similarly, other studies have also identified dorsolateral frontal and parietal activation on rule-based tasks in controls using both visual (Patalano et al., 2001; Vogels et al., 2002) and verbal material (Grossman et al., 2002) . Given the proposed role of working memory and selective attention in rule-based category learning, it is not surprising that dorsolateral frontal and parietal activation has been identified when control participants learn rule-based tasks, particularly in light of the fact that these brain regions are often involved when individuals perform more traditional tasks of working memory (Collette & Van der Linden, 2002; Wager & Smith, 2003) or selective attention (Assad, 2003) .
Other studies have examined rule-based category learning in patients with Parkinson's disease (PD), a neurodegenerative disorder that is known to impact striatal functioning (Gibb, 1992) . Maddox and Filoteo (2001) , for example, examined rule-based category learning in a group of nondemented PD patients. In their study, participants were presented with connected vertical and horizontal lines that varied trial-by-trial in length. Stimuli that had longer vertical lines than horizontal lines belonged to one category and stimuli that had longer horizontal lines than vertical lines belonged to the other category. This is a rule-based category learning task because the rule is easy to describe verbally. The results of the study indicated that PD patients learned the rulebased categories as quickly and to the same level as controls. Thus, this study provided initial evidence that the striatum is not involved in learning rule-based categories.
Although the study by Maddox and Filoteo (2001) suggested that PD does not impact rule-based category learning, not all studies have found this to be the case. In fact, Ashby et al. (2003b) found exactly the opposite result. In that study, participants were asked to categorize single cards that consisted of colored geometric figures on a colored background. Each stimulus varied from trial-to-trial along four binary-valued dimensions. In the rule-based condition, category membership was defined by the value on a single dimension (e.g., color of the stimuli). Interestingly, PD patients were impaired in learning the rule-based task in terms of the number of participants who were able to meet a specific learning criterion. Notice that the Ashby et al. task is very similar to the Wisconsin Card Sorting Test (WCST; Berg, 1948) , a test on which PD patients have often been shown to be impaired (e.g., Gotham et al., 1988) . Thus, taken together, these latter set of results suggest that PD patients are impaired when having to learn rule-based categories, a finding that is in contrast to that observed by Maddox and Filoteo (2001) .
The main purpose of the present study was to explore possible reasons for these discrepant findings. In the study by Maddox and Filoteo (2001) , the stimulus on each trial consisted of a horizontal line and a vertical line. The lengths of these lines varied across trials and correct categorization required attention to both dimensions-that is, there was no irrelevant dimensional variation. Under these conditions PD patients showed normal rule-based category learning. In contrast, in the Ashby et al. (2003b) study, one dimension of the stimulus was relevant, and three dimensions could vary randomly from trial to trial. Under these conditions, PD patients showed a deficit in rule-based category learning Thus, the PD deficit observed in Ashby et al., but not Maddox and Filoteo, might be due to differences in the number of dimensions that could vary in value from trial to trial (three dimensions in the study by Ashby et al. vs . zero dimensions in the study by Maddox & Filoteo) .
To test this possibility in the present study, a group of nondemented PD patients and older control (OC) participants were administered a rule-based category learning task in which each stimulus was constructed from four binaryvalued dimensions (see Figure 1 ) and the number of irrelevant dimensions varied systematically across four randomly administered conditions. In all conditions, one dimension was selected at random to be relevant, and the remaining three were irrelevant. Across the four conditions, there were zero, 1, 2, or 3 possible randomly varying irrelevant dimensions. For example, in the condition where there were zero varying irrelevant dimensions (Condition Zero), the only dimension that varied from trial to trial was the one relevant to the category membership. In contrast, in the condition where there were two possible irrelevant varying dimensions (Condition 2), the one dimension that was relevant to category membership varied from trial to trial, but in addition, two other dimensions that were not relevant to category membership could also vary from trial to trial. Thus, the selective attention and working memory requirements varied systematically across the four different conditions as a function of the number of varying irrelevant dimensions, thereby allowing us to evaluate whether this manipulation differentially impacted the rule-based category learning abilities of patients with PD. Importantly, however, the category learning requirements remained the same across all four conditions in that correct category learning always depended on learning to categorize each stimulus based on the value of a single dimension.
In addition to examining the potential impact of this manipulation in PD patients, we also wanted to determine whether there were any age-related differences that might occur on this task. Age-related changes in working memory and selective attention have also been well documented in the literature (Bowles & Salthouse, 2003; Maddox et al., 1998; West, 1999) , but to our knowledge no study has attempted to systematically determine whether increasing the requirements of these processes would differentially impact rule-based category learning in older versus younger adults. To examine this possibility, we also administered the task to a group of younger control (YC) participants and compared their results to those of the PD patients and OC participants. Based on our hypothesis that the working 504 J.V. Filoteo et al. memory and0or selective attention requirements might account for the discrepancies observed between the study by Ashby et al. (2003b) and the study by Maddox and Filoteo (2001) , we predicted that the rule-based category learning in PD patients would be impacted to a greater extent than OC participants by increasing the number of irrelevant varying dimensions. In addition, we also hypothesized that age would impact negatively the ability to learn rule-based categories when the number of varying dimensions increases.
METHODS

Research Participants
A total of 54 individuals participated in this study: 19 patients with PD (8 male and 11 female), 19 OC participants (7 male and 12 female), and 16 YC participants (7 male and 9 female). The patients were diagnosed by a board-certified neurologist based on the presence of two of the following symptoms: (1) resting tremor, (2) rigidity, or (3) bradykinesia. The patients had been diagnosed an average of 7.6 years (range 5 1-26 years; SEM 5 1.3) prior to their participation in this study. At the time of their participation, all patients were taking some form of dopaminergic medication. Using Hoehn and Yahr's (1967) rating scale, the mean motor impairment rating for the group was 1.7 (range 5 0-3; SEM 5 0.2). OC participants were recruited from the community and YC participants were undergraduates at the University of Texas who participated in the study as partial fulfillment of course requirements. Given that the DRS is a measure of global cognitive functioning, the lack of a difference between the two groups on this measure indicates that the patients were non-demented. The PD patients and OC participants were also given a short battery of neuropsychological tests in order to better characterize their general cognitive functioning. These tests were selected because they evaluate cognitive domains that are often impaired in patients with PD. The battery consisted of the Wisconsin Card Sorting Test (WCST: Berg, 1948; Heaton et al., 1993) , the California Verbal Learning Test-2 (CVLT-2; Delis et al., 2000) , and the Judgment of Line Orientation Test (JLOT; Benton et al., 1978) . The WCST is a measure of novel learning and set shifting that shares many of the same characteristics as the task used in the present study. In the WCST, the participant has to learn by trial and error a specific rule when matching cards of multiple dimensions (color, form, and number) to one of 
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four key cards. Once the participant correctly classifies 10 cards in a row, the examiner changes the correct dimension to which the participant must sort (e.g., from color to form) without informing the participant. The participant must then use the trial-by-trial feedback in order to disengage from the previously correct dimension in order to change to the new relevant dimension. Indices from the WCST examined in the current study include the number of categories achieved within 128 trials (WCST-Cat), the number of perseverative errors (i.e., the number of times a participant made a classification response to a previously correct dimension; WCST-PE), and the number of set loss errors (i.e., the number of times a participant made at least five correct responses in a row but failed to achieve the criterion of 10 correct responses in a row; WCST-SL). The CVLT-2 is a measure of verbal learning and memory in which a 16 item word list is read to the participant who is asked to state back as many of the list items as possible on five different learning trials, short and long delay free-recall trials, and short and long cued recall conditions. The participant is also provided with a recognition condition in which they are presented with list and non-list items and asked to state whether the word presented was from the original list. The primary CVLT-2 indices examined in this study were the number of words recalled on the first learning trial (CVLT-2 Trial 1), the total number of words recalled on the five learning trials (CVLT2-Total), the total number of words recalled on the long delay free-recall trial (CVLT2-LDF), and the recognition discriminability index that is based on the number of times the participant correctly discriminated list items from non-list items during the recognition trial (CVLT2-Discr). The JLOT is a measure of visuospatial abilities in which the participant is presented two lines oriented at different angles on one page and 10 lines oriented at different angles on a second page. The participant is then asked to identify which two lines on the second page are in the same orientation as the two lines from the first page. The primary JLOT index examined in this study was the number of correct items out of 30. The raw scores from the key indices of these tests are displayed in Table 1 for the PD patients and OC participants and were compared using t tests. Note that 2 OC participants were not given the tests due to time constraints on the day of their participation, and 1 PD patient was not given the CVLT-2 for the same reason. The results of these comparisons revealed differences only on the total words recalled on the CVLT-2 [CVLT-Total: t(33) 5 2.2, p , .05], and on the delayed free recall trial of the CVLT-2 [CVLT-LDF: t(33) 5 2.6, p , .05], but not on any of the other CVLT-2 indices or other tests.
Stimuli
Six different sets of stimuli were used that consisted of the following: castles, gardens, houses, rings, shapes, and planes0sharks. These names, however, were never used during the actual administration of the experiment. Examples of individual exemplars from each of the six sets are shown in Figure 1 . For each set, four possible binary-valued dimensions could vary from trial to trial. These four dimensions and the binary values for each stimulus set were the following: castle stimuli: shape of foundation (diamond or square), location of ramparts (above walls or sunken into walls), number of rings surrounding castle (one or two), color of drawbridge (yellow or green); garden stimuli: texture of the ground (brown dirt or green grass), fountain material (gray cement or brown clay), placement of water and flowers (water inside circles or flowers inside circles), number of circular planters or water fountains (one or two); house stimuli: color of door (blue or red), lighting inside window (lights off or lights on), shape of roof (flat or triangular), nature of plants (shrub or tree); ring stimuli: placement of gold ring (vertical around front ring or tilted around back ring), material of large ring in background (ice or cloud), placement of red balls (outer periphery or central), natural element (water or fire); shape stimuli: color of bar (red or green), orientation of bar (horizontal or vertical), nature of blue shape (triangle or square), number of yellow circles (one or two); plane0shark stimuli: nature of the nose (shark or plane), nature of eyes or cockpit (shark or plane), nature of the main wings or side fins (shark or plane), nature of the back and tail fins (shark or plane).
Each stimulus was presented in colors that remained constant except for those dimensions that were relevant to the categorization task described above. Each stimulus was approximately 10 cm in height and from a viewing distance of approximately 60 cm subtended about 9.68 of visual angle.
General Procedure
Each individual participated in four experimental conditions (and thus saw only four out of the six possible stimulus sets) where one to four of the binary-valued dimensions varied from trial to trial. In Condition Zero, only the relevant dimension of the stimulus could vary from trial to trial, whereas all other stimulus dimensions were held constant at a randomly chosen fixed value. In Condition 1, both the relevant dimension and a second binary-valued dimension could vary from trial to trial, and all other dimensions were held constant. In Condition 2, the relevant dimension and two other binary-valued dimensions could vary from trialto-trial and the fourth dimension was held constant, and in Condition 3, the relevant dimension and all three remaining binary-valued dimensions could vary from trial to trial. Given this constraint, participants could see two to 16 unique stimuli (depending on the condition), with half of those stimuli being assigned to Category 1 and the other half being assigned to Category 2. For each set of stimuli, the participant had to determine the appropriate dimension and the dimensional value that determined category membership. The relevant dimension remained the same throughout all trials within each of the conditions. To minimize the possibility that any observed group differences were due to order effects or the specific stimulus sets used in any of the four conditions, the selection and order of stimulus sets and the order of conditions was counter-balanced across participants using Latin squares. The same counter-balancing technique was used for all three groups. The relevant dimension for category membership was determined randomly for each participant.
At the beginning of the experiment, participants were told that they would be shown individual pictures and asked to categorize each as either belonging to Category 1 or Category 2 by pressing a specified key. They were also told that after they categorized the picture, they would receive feedback in the form of applause for correct responses and a buzzing sound for incorrect responses. The participants were also told that they would be guessing at first and that they should attempt to learn from their errors. Each trial began with the presentation of a picture which remained on the screen until the participant made a categorization response. Immediately following a response, correct or incorrect feedback was presented for 0.75 s while the stimulus remained on the screen, followed by a blank screen for 1.0 s, and then presentation of the next stimulus. Each condition continued until the participant made 10 correct categorization responses in a row, or until they reached a maximum of 200 trials. The participant was offered a short break after the completion of each condition and was then administered another condition.
RESULTS
Trials to Criterion
The mean trials to criterion (i.e., the number of trials it took to get 10 in a row correct) for the three groups in the four conditions are displayed in Figure 2 . These data were analyzed using a group (PD vs. OC Follow-up comparisons in Condition 2 using Tukey's HSD revealed that the PD patients had a significantly greater mean number of trials to criterion than either the OC participants or the YC participants ( p , .001 for both comparisons), whereas the other two groups did not differ from each other. These results can be seen very readily in Figure 2 . Follow-up comparisons in Condition 3 revealed that the PD patients had a greater mean trials-to-criterion than the YC participants ( p , .01), but the PD patients did not differ from the OC participants, nor did the OC participants differ reliably from the YC participants. a
To confirm this pattern of results, we also conducted oneway ANOVAs for the four conditions separately within each group. The effect of number of dimensions was significant for the PD patients [F(3,54) 
Set Loss Errors
To further examine the nature of PD patients' rule-based category learning deficit, we examined set loss errors in each of the four conditions. A set loss error was defined as three correct responses in a row followed by an incorrect categorization.
b As might be expected, the pattern of set losses seen in the four conditions followed a similar pattern as that seen in the number of trials to criterion analysis (see Tukey's HSD revealed that the PD patients had a significantly greater mean number of set loss errors than either the OC participants or the YC participants ( p , .05 for both comparisons), whereas the other two groups did not differ from each other. For Condition 3, Tukey's HSD revealed that the PD patients had a significantly greater mean number of set loss errors than YC participants ( p , .05), whereas the other group comparisons did not achieve significance. Thus, overall, the results from the set loss analysis mirrored those from the trials to criterion analysis.
As a follow-up to the overall set loss analysis, we also examined the nature of the set losses committed by those participants who made such errors. In so doing, we coded each set loss based on whether it occurred following a change in the target value (i.e., the value on the relevant dimension) versus when the target value remained the same. The former type of set loss is more like a perseverative motor response in that, despite the fact that the target changed values, the participant continued to make the same response when they should have switched responses. Hereafter, we will refer to this type of set loss as a repetitive set loss. In contrast, the latter type of set loss is more consistent with what is typically meant by the term "set loss" in that the participant spontaneously switched their categorization response despite the fact that the target value remained the same, so we will refer to this type of error as a disengage set loss.
The mean number of repetitive set losses and disengage set losses for the three groups by condition are displayed in Figures 4 and 5, respectively. Separate one-way ANOVAs were conducted on the data in each condition since all participants did not contribute data to all four conditions (only individuals who committed at least one set loss were included in these analyses). Because of this, the analyses of these conditions are not entirely comparable given that different participants contributed data to the different conditions. The number of participants from each group that committed at b Note that this criterion is somewhat more liberal than is used in defining a set loss on the WCST in which 5 correct responses in a row are required. We chose a somewhat less stringent definition because, unlike in the WCST, the rule-based task we used did not allow for ambiguous responses. That is, because of the nature of the stimuli in the WCST, a participant could make a correct categorization response because a stimulus matched a category on two different dimensions (i.e., there are ambiguous responses in the WCST), and this was not the case in the task used in the present study. The lack of potential for ambiguous responses in the experimental task enabled an establishment of response set within fewer trials, thus, we felt it was appropriate to define set losses using three correct responses in a row. In addition, it should also be noted that the measure of set loss error could be overestimating the "true" number of set loss errors in that participants could be responding correctly based on chance during the run of three correct trials. As can be seen in Figure 4 , PD patients tended to commit more repetitive set losses than either of the two groups across the four conditions. The only significant difference among the three groups was in Condition 2 [F(2,28) 5 3.9, p , .05] and Tukey's HSD contrasts indicated that the PD patients committed more repetitive set losses than the OC participants ( p , .05). There was also somewhat of a trend for the groups to differ in Condition 3 [F(2,35) 5 2.3, p 5 .12], but there were no differences in Conditions Zero and 1 (both Fs , 1.0). A further analysis of the data in Condition 2 was conducted in which we examined whether there were any differences between the PD patients and the OC participants in terms of the number of repetitive set losses that occurred when either one or two irrelevant dimensions varied across the set loss trials as well as the number of repetitive set losses that occurred when no irrelevant dimensions varied across the set loss trials. Note that this analysis was possible because despite the fact that up to two irrelevant dimensions could vary from trial to trial in Condition 2, there were some instances when none of the irrelevant dimensions varied and other instances when one or two dimensions varied. The mean number of repetitive set losses that occurred when there were at least one or two irrelevant dimensions varying was 3.2 (SEM 5 .9) for the PD patients and .83 (SEM 5 .3) for the OC participants, and this difference was significant [t(23) 5 2.5, p , .05]. In contrast, the mean number of repetitive set losses that occurred when there were no irrelevant dimensions varying was .46 (SEM 5 .3) for the PD patients and .42 (SEM 5 .2) for the OC participants. The mean difference for these set loss errors between the two groups was not significantly different (t , 1.0). Thus, it appears that when there was greater distraction (i.e., when the irrelevant dimensions varied), PD patients were more likely than controls to commit a repetitive set loss.
In contrast, the differences in disengage set losses among the three groups were not dramatically different, as can be seen in Figure 5 . One-way ANOVAs identified only trends in Condition 2 [F(2,28) 5 2.3, p 5 .12], and Condition 3 [F(2,35) 5 2.0, p 5 .15], but no reliable differences in Condition Zero and Condition 1 (both F's , 1.0) .
Correlations of Rule-Based Category Learning
We also wanted to determine whether performance on the categorization task was associated with any of the disease characteristics of the PD patients and their performance on the neuropsychological tests, so we took a difference score between the trials-to-criterion in Condition 3 and the trialsto-criterion in Condition Zero and correlated this "distractor index" score with PD patients' Hoehn and Yahr ratings, length of their illness, and their neuropsychological test scores. The distractor index score was used in these analyses because it reflected the overall impact that the irrelevant varying dimensions could have on performance while taking into account baseline performance when there was only one varying dimension. Specifically, the greater distractor index scores reflected a greater impact of the varying irrelevant dimensions. The results of these correlations revealed a significant relationship between greater distractor index scores and greater Hoehn and Yahr ratings, reflecting poorer motor functioning [r(17) 5 0.57, p , .05], whereas there was no association between this difference score and length of illness ( p 5 0.18). In terms of the neuropsychological tests, not surprisingly a greater distractor index score was associated with lower number of categories achieved on the WCST [r(17) 5 2.54, p , .05], and a higher number of perseverative errors [r(17) 5 .48, p , .05]. There was no reliable association between the categorization difference score and their number of set loss errors on the WCST or their scores on the JLOT. There was a trend towards an association between higher scores on the distractor index and lower scores on the DRS [r(17) 5 2.41, p 5 .08]. Interestingly, the distractor score was not associated with any of the indices from the CVLT-2 (all p's . .20).
DISCUSSION
The primary purpose of this study was to determine whether increasing the number of randomly varying irrelevant dimensions differentially impacted rule-based category learning in PD patients. The main finding was that, relative to the OC participants, PD patients displayed a sharper increase in trials to criterion as the number of irrelevant dimensions increased. Specifically, PD patients and OC participants did not differ when the number of randomly varying irrelevant dimensions was zero or 1, but the PD patients took over twice as many trials compared to the OC participants to learn the categories when there were two varying irrelevant dimensions (i.e., in Condition 2; see Figure 2 ). Interestingly, however, when there were three irrelevant varying dimensions, the PD patients and OC participants did not differ. In regard to the impact of age on rule-based category learning, although the follow-up contrasts between the OC and YC participants in the four conditions never revealed any significant differences, there was some evidence that age played an important role in determining whether irrelevant dimensional variation impacted rule-based category learning. Specifically, within-group comparisons indicated that the trials-to-criterion differed reliably across the four conditions in the OC participants but not the YC participants, suggesting that older adults were impacted by irrelevant dimensional variation whereas YC participants were not.
Taken together, these results indicate that both PD and age can contribute to changes in rule-based category learning when there are varying irrelevant dimensions, but that the threshold at which these contributions emerge is different for these two variables. That is, the impact of PD on rule-based category learning will emerge at a lower threshold (i.e., two varying irrelevant dimensions) than the impact of age, but as the number of irrelevant varying dimensions increases (up to three), the impact of age on rule-based category learning will also become apparent. These results suggest a graded impact of PD and age on how increasing the number of varying irrelevant dimensions can impact rule-based category learning, with the effects of PD on rulebased category learning occurring with fewer irrelevant varying dimensions as compared to the older controls.
The pattern of differences that emerged between the PD patients and OC participants helps to clarify some of the discrepant findings from past studies. Recall that Maddox and Filoteo (2001) and Ashby et al. (2003b) found opposite results. In the former study, PD patients were normal at learning rule-based categories, whereas in the latter study, PD patients were impaired. The results from the present study suggest that this discrepancy may be due to the number of irrelevant varying dimensions in the rule-based tasks. In the study by Maddox and Filoteo (2001) , there were no irrelevant varying dimensions in the rule-based condition and PD patients were not impaired in learning, a finding that is consistent with the results from Condition 0 in the present study in which there were also no varying irrelevant dimensions and PD patients and OC participants did not differ in the number of trials it took to learn the rule. In the study by Ashby et al., in which there were three irrelevant varying dimensions, PD patients were impaired; a finding that is consistent with the results from Condition 2 in which PD patients took more trials to learn the categories than the OC participants. Note that although the number of irrelevant dimensions it took to identify an impairment in the PD patients differed in the present study and the study by Ashby et al. (2 vs. 3, respectively) , the important point is that increasing the number of irrelevant varying dimensions increased the likelihood of a rule-based category learning impairment in patients with PD. The number of irrelevant varying dimensions it takes to elicit such impairment may be impacted by other variables, such as the general complexity of the stimuli. c Based on the present findings, it appears that both PD and normal aging can impact the extent to which the number of varying irrelevant dimensions affects rule-based category learning. Given that rule-based category learning is proposed to require both working memory and selective attention (Ashby et al., 1998; Smith & Sloman, 1994) , it is likely that deficits in one or both of these processes accounted for the pattern of results we obtained. This is especially likely given that both PD and normal aging can impact these processes (Bowles & Salthouse, 2003; Bradley et al., 1989; Filoteo & Maddox, 1999; Maddox et al., 1996 Maddox et al., , 1998 Postle et al., 1997; West, 1999) . However, it is difficult to determine exactly which of these two processes best accounts for how increasing the number of irrelevant varying dimensions can impact rule-based category learning in these populations. Nevertheless, an examination of the set loss errors offers some insight into this issue, particularly in regard to the differences between the PD patients and OC participants. Specifically, when participants committed a set loss error, PD patients were more likely than OC participants to make a repetitive set loss in Condition 2, the condition where there was the greatest difference between PD patients and OC participants in the mean number of trials to criterion. Furthermore, follow-up analyses indicated that the tendency for PD patients to commit such errors was more likely when there were at least one or two irrelevant dimensions that varied across the set loss trials in Condition 2, whereas this was not the case when none of the irrelevant dimensions varied. Given that a change in irrelevant dimensional values across consecutive trials likely results in greater distractibility, these results suggest that an impairment in selective attention may have played more of a role in the PD patients' deficit in learning the rule-based categories in Condition 2.
Regardless of whether selective attention or working memory deficits underlie PD patients' rule-based category learning deficit, it appears that an impairment in inhibition might ultimately account for the present findings. Specifically, varying the number of irrelevant dimensions likely impacted participants' ability to inhibit the processing of these dimensions, regardless of whether such inhibition occurred at a selective attention or working memory stage of processing. Inhibitory deficits have been described in PD patients in several previous studies (Filoteo & Maddox, 1999; Poliakoff et al., 2003; Praamstra & Plat, 2001) , and models of normal striatal functioning often attribute inhibitory proc Interestingly, the majority of the stimuli used in this present study were more complex than those used in the study by Ashby et al. (2003b) , in which the relevant dimensions were basic elements of a visual stimulus (e.g., shape, color, number of shapes). As such, it is possible that the more complex the stimuli, the fewer the number of varying irrelevant dimensions would be necessary to disrupt rule-based category learning in patients with PD.
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J.V. Filoteo et al. cesses to these brain regions (Kropotov & Etlinger, 1999; Mink, 1996) . Thus, a deficit in inhibitory processing could account for the results obtained in the present study. As might be expected, PD patients' performance on the WCST in terms of number of categories achieved and number of perseverative errors was associated with their scores on the distractor index. These results suggest that the task in the present study and the WCST are measuring similar processes. This is not surprising given that the WCST is a rule-based task in that the rules that dictate category membership can be easily verbalized. That is, in much the same way as in the experimental task in the present study, participants performing the WCST simply have to recognize that they are to sort the cards based on a particular stimulus dimension. However, the fact that the PD patients and the controls in this study did not differ on any of the measures from the WCST, but did differ in Condition 2 of the experimental task, suggests that the experimental categorization task may be more sensitive to the cognitive changes associated with PD. Why this is the case remains to be seen, but it is possible that the working memory and0or selective attention demands in the experimental task are greater than those in the WCST (possibly due to stimulus complexity issues), and PD patients' purported deficits in these areas contributed more to impaired rule-based category learning in the experimental task than the WCST. Alternatively, it could be that the testing format of the experimental task resulted in greater impairment in the PD patients in that participants were given four different experimental conditions using four of six different stimulus sets. Future work could test either of these possibilities by examining rulebased category learning while systematically varying stimulus complexity and holding constant the number of irrelevant varying dimensions.
Another interesting correlation that was observed in the PD patients was between the scores on distractor index and the scores on the Hoehn and Yahr rating scale. Although this motor rating scale is a rather gross measure of motor functioning, PD patients with greater motor impairment required more trials to reach criterion when the number of varying irrelevant dimensions increased. These results suggest an association between the brain regions involved in the motor deficits observed in PD and those brain regions involved in rule-based category learning. This is an interesting finding given that PD tends to differentially impact subregions of the striatum with greater dysfunction occurring within the putamen as compared to the caudate (Broussolle et al., 1999; Leenders et al., 1990) . Traditional models of striatal functioning have attributed motor functions more to the putamen, whereas cognitive functions (such as those necessary to perform the task in the present study) have been attributed more to the caudate (Alexander et al., 1986) . Thus, the finding of an association between patients' level of motor impairment and their distractor index score is somewhat unexpected. However, it is also possible that this association simply reflects the overall level of pathology in these PD patients.
The finding that older adults were also impacted negatively by increasing irrelevant dimensional variation is consistent with the observed changes in striatal volume in normal aging (Gunning-Dixon et al., 1998; Jernigan et al., 1991) . However, one must also consider the possibility that changes in prefrontal structures might also account for the age effects observed in this study given that this brain region also changes with age (Jernigan et al., 2001; Salat et al., 2001 ). This latter issue raises the interesting possibility that the behavioral impact of irrelevant dimensional variation in PD and normal aging is due to alterations in different underlying brain regions (i.e., striatal dysfunction in PD and normal age-related changes in the prefrontal cortex in the older adults), although the possibility of prefrontal dysfunction in PD patients must also be considered as contributing to the present findings.
Finally, although we did not examine the issue directly in the present study, our data also speak to the possibility of multiple category learning systems. Previous research indicates that PD patients can demonstrate deficits in learning both rule-based and information-integration category learning tasks. Information-integration category learning is thought to occur implicitly through a procedural learning system that relies on certain regions of the striatum (i.e., the tail of the caudate; Ashby et al., 1998) . In two previous studies, we found that PD patients were differentially impaired relative to controls when asked to learn a complex, nonlinear rule that likely emphasized the informationintegration category learning system (Filoteo et al., 2005; Maddox & Filoteo, 2001 ). The findings from the current study, however, also confirm that PD patients are impaired in learning rule-based categories, and that the deficits may be associated with the emphasis of working memory and0or selective attention demands as the number of irrelevant dimensions increases. Thus, taken in conjunction with previous studies, the present results suggest that PD patients may be impaired in both rule-based and informationintegration category learning, but for entirely different reasons. That is, a rule-based category learning deficit in PD may be associated with impairments in selective attention and0or working memory, as stated above. In contrast, PD patients' information-integration category learning deficits appear to be due more to the complexity of the rule (i.e., whether it be linear or non-linear). The possibility of PD patients being impaired in both types of category learning tasks was proposed by Ashby et al. (1998) in their original conceptualization of these category learning systems. The results of the present study help to identify under what conditions a rule-based category learning deficit is likely to be observed in patients with PD.
